Abstract-Cobalt and nickel have similar physical and chemical properties that makes their separation a serious problem in hydrometallurgy. In this work, modified clinoptilolite as ion exchanger has been identify for selective separation of cobalt from nickel. The characterization of clinoptilolites before and after modification was done using Scanning Electron Microscope (SEM), Fourier Transform Infrared spectroscopy (FTIR), X-ray fluorescence (XRF) and X-ray diffraction (XRD). The results showed that the separation of cobalt from nickel strongly depend on pH, initial concentration, mass of the adsorbent, particle sizes and temperature. High separation was obtained under following conditions pH 6, initial concentration 600 mg/L, mass of the adsorbent 10 g, particle sizes 1mm and temperature 25ºC. The equilibrium sorption isotherms were analyzed by the Langmuir and Freundlich. The results showed that Langmuir isotherm describes better the adsorption process. The pseudo-first and second order model were used in analyzing kinetic data, absorption kinetics obeyed the second Pseudo order model that indicate that the rate limiting step for the process involves chemical reaction. Thermodynamic parameters such as Gibb's free energy change (∆G o ), enthalpy change (∆H o ) and entropy change (∆S o ) were calculated and negative results revealed that the process was spontaneous and exothermic.
I. INTRODUCTION
The hydrometallurgical industry produces many types of streams, increasing cost and required more effective method for cleaning these wastes. The recovery of heavy metals from the hydrometallurgical effluent stream it is very important. The effective recovery of these metals is possible only if the separation process is selective enough [1] .
Cobalt can be used in alloys for airplane engine parts (corrosion resistant), electroplating, batteries, stainless steel and to treat cancer and anaemia because cobalt stimulates the red blood cells production. Nickel can be used in the manufactured of coins, stainless steel, corrosion resistant alloys such as (Monel, Inconel and Invar), nickel-cadmium batteries and treatment of sea water into fresh water at the desalination plant [2] .
Cobalt and nickel are inseparable in aqueous solution. Their position in the periodic table as transition metal result in similar chemical performance and therefore their separation becomes difficult. In aqueous dilute solution nickel and cobalt exist as Ni 2+ and Co 2+ hexahydrated; the rate exchange of water on nickel is very lower than cobalt. The complex ion formation proceeds much easily with Co 2+ than Ni 2+ [3] . Several methods have been used for the separation processes. Most of them are physico-chemical processes and these include precipitative, separation method using resins ion exchanger, solvent extraction and pressure hydrogen [4] . In general, these methods have been found to be only partially and not economically feasible for the separation of cobalt and nickel [5] .
This project has identified the high potential of clinoptilolite in separating cobalt and nickel from hydrometallurgical industrial wastewater stream due to their high ion exchange abilities, simple operation, minimal waste generation, low costs and availability. Clinoptilolites could be used on a large scale as ion exchanger for heavy metals from industrial effluent. It can be modified and regenerated. The metal ions adsorbed by the clinoptilolites can be recovered and used industrially for several applications [6; 7] .
The ion exchange is defined as the reversible exchange of ions between two or more phases, one of which is liquid phase and solid phase. The ion exchanger is not soluble in the medium in which the process is taking place. Ion exchanges processes are rapid and follow the reaction in the Eq. (1) and (2), however the kinetics of reaction become uncontrollable and difficult in heterogeneous systems. The two reactions show the ion exchange between the ion in solution and the clinoptilolites [8] .
Clinoptilolite is one of the most abundant forms of zeolite that is found naturally on earth. It is stable at high temperature [9] and Mg 2+ in the zeolite [11] .
II. EXPERIMENTAL

A. Materials and Solution
The clinoptilolite used in this study was supplied by Pratley Mining Company south Africa. The clinoptilolite was first washed in distilled water to remove fines and impurities and dried in the oven at 60 ºC for 48 hours. Clinoptilolites particles was crushed and screened through a range of sieves, only particles from 1000-2500µm were used in the study. The sieves were shaken for 10 minutes and for Clinoptilolites characterization 75µm particles was used. The powder was then characterized using an XRD (Phillips X'pert Model 0993), XRF (Phillips Magix Pro), FTIR (Varian 7000) and SEM (Philips XL 30FEG) before and after clinoptilolites modification.
The synthetic solution was prepared using cobalt chloride hexahydrated and nickel chloride hexahydrated. Hydrochloric acid and sodium hydroxide was used to adjust the pH. The modification of clinoptilolites was done using NaOH, Ethylenediaminetetraacetic acid (EDTA) and succinic acid. All the chemicals used were analytical grade reagents from sigma Aldrich. The clinoptilolite was modified by contacting them to 2M of NaOH for 48 hours and 2M EDTA for 72hour at 25°C Then dried at 60°C for 24 hours. Lastly, modified clinoptilolites contacting with succinic acid for 72 hours then dried at 50 o C temperature.
B. Experimental Procedure
The ion exchange process on the clinoptilolite was performed in a thermostatic shaker at 180 rpm. A mass of clinoptilolites 2 to 10g was contacted in conical flask with 110 ml solution that contains Cobalt and Nickel cations. The metal ion concentration 50 to 500 mg/L, the particles size 1000 to 2500µm and temperature 25 to 55°C. The pH values were adjusted from 3 to 9. Every hour for a 5-hour period, 10 ml of the suspension was taken and filtered from the mixture and tested for ion concentration using the atomic adsorption spectrophotometer (AAS). The experiment was left to run for a period of 24 hours to determine the equilibrium concentrations.
The performance of the clinoptilolite at exchanging heavy metals in the solution was assessed by calculating the percentage.
The Equation (3) will be used for the heavy metals removed
where C a and C b are the initial ion concentration and final ion concentration of the solution, respectively.
The mass of removal metal ion per gram of the solvent was calculated by the Eq. (4):
where V and M are the volume of solution (mL) and amount of sorbent (g), respectively.
III. RESULTS AND DISCUSSION
A. X-Ray Fluorescence (XRF)
XRF analysis showed that clinoptilolites was silico based zeolites when taking in account the major component which was SiO 2 for both natural and modified clinoptilolites. The elemental composition results revealed that the composition of amorphous SiO 2 in the natural clinoptilolites was 65.54 and 67.78 after modification. The ratio of (Na+K)/Ca was 3.93 and 3.33 for natural and modified clinoptilolites respectively. The increase of the ratio after modification is the result of EDTA [12] . And effect of succinic acid in clinoptilolite [13] . It can be seen that the crystallinity of clinoptilolites is affected by the modification.
B. Scanning Electron Microscope (SEM)
SEM image of natural and modified at the same magnification were presented in Fig. 1 . The SEM image of modified clinoptilolite (B) shows a typical morphology of sedimentary. For both natural and modified cavities of different shapes and sizes could be observed. The natural clinoptilolite indicates the presence of small globular particles and modified shows bigger and irregular sizes [14] . This can be attributed to the fact that modification is a surface phenomenon and EDTA and succinic acid chemically modifies the clinoptilolite. 
C. X-Ray Diffraction (XRD)
The XRD pattern of clinoptilolite was illustrated in Fig. 2 for natural clinoptilolite. Natural clinoptilolites was found to be monoclinic, crystalline and heulandite with highest peak occurring at 2θ value of 25. The modified clinoptilolite in Fig. 3 has also monoclinic crystallography too with highest crystalline peak appearing at 2θ value of 10. Most of peaks occurring between 10-40. 
E. Effect of pH
The effect of pH on the metals removal by modified clinoptilolites was studied in the range of 2 to 9 and keeping another parameters constant [14] . The influence of pH on cobalt and nickel separation was illustrated in Fig. 6 . The removal efficiency of cobalt and nickel increase with an increase of pH from 3 to 6. The maximum removal efficiency for cobalt and nickel was 97% and 36% respectively. This is due to electrostatic force between the negatively charge of the modified clinoptilolites and positives charge of metals. Stronger acidic pHs protons present in the solution compete with cobalt cations compare to nickel cations for sites available of the modified clinoptilolites which gave a good separation between nickel and cobalt. Decrease in removal efficiency of cobalt 87% and nickel 27% at pH 9 is due to occupation of sites available of the modified clinoptilolite [14] . 
F. Effect of Mass of Adsorbent
The Adsorbent dosage is an important parameter in the ion exchange process because is influencing the capacity of modified clinoptilolites for a given initial concentration. In this study, the clinoptilolite dosage was varied from 2g to 10g. Co 2+ ions were removed from the aqueous solution at small the dosage of modified clinoptilolites. When the dosage of modified clinoptilolites was increased from 2 to 10g the removal percentage increases from 78% to 98% for cobalt and 16% to 37% for nickel. The percentage removal of cobalt and nickel increases with the increase of modified clinoptilolites dosage is due to the to the increase in active site on the modified clinoptilolites making the penetration of cobalt ions easy compare to nickel. The highest removal efficiency was obtained at 10g with 98% of cobalt. For further experiment the amount of clinoptilolites was selected as 10g. 
G. Effect of Particles Size
The effect of pH on the metals removal by modified clinoptilolites was studied in the range of 1000µm to 2500 µm and keeping another parameters constant. The influence of particles size on cobalt and nickel separation was illustrated in Fig. 8 . The removal efficiency of cobalt and nickel decreases with an increase of particles sizes. At 1000 µm the percentage removal of cobalt was 95% and nickel 34% then decrease to 85% for cobalt and 21% for nickel at 2500 µm. The increase in efficiency of removal for cobalt is due to the increase in external surface area of the small particles size of the modified clinoptilolites. The maximum removal efficiency for cobalt and nickel was 95% and 34% respectively for 1000µm. 
H. Effect of ion Concentration
The effect of initial concentration for cobalt and nickel removal from aqueous solution by modified clinoptilolites was determine. The cobalt removal efficiency increase from 77% to 97% and nickel from 20% to 35% in the initial concentration from 50mg/L to 600 mg/L due to the equilibrium nature of Co-clinoptilolites modified and ion exchange process [15] . then decrease to 90% for cobalt and 31% for nickel at 900 mg/L this reduction may be resulted from saturation of the modified clinoptilolites surface. Fig. 9 . Effect of initial concentration on the removal of cobalt and nickel onto modified clinoptilolites
I. Effect of Temperature
Temperature is an important parameter for the removal of heavy ions metal in the solution. Because temperature of the of the solution can affect the solution/solid interface. The effect of temperature was studied in a range of 25°C to 55ºC and the remaining particle were kept constant. The removal efficiency decrease with an increase in temperature and good separation of cobalt from nickel was illustrated in fig. cobalt removal percentage decreased from 96% to 85% and nickel decreased from 37% to 21% as shown in Fig. 10 . Is due to the mobility and competition of cobalt and nickel ions onto modified clinoptilolites [12; 14] . The maximum temperature was found to be 25°C with 96% of cobalt and 37% of nickel percentage recovery. 
J. Effect of Adsorption Isotherm
Adsorption isotherm explains the relationship between the amounts of cobalt and nickel ions adsorbed onto modified clinoptilolites for the design of the process.
 Langmuir isotherm (see Eq. 5)
where C t equilibrium metal concentration, q L adsorption capacity maximum (mg.g -1 ), K L Langmuir constant (L.mg -1 ) and q t is the amount of metal ion adsorbed at equilibrium (mg.g -1 ) at a given temperature.
 Freundlich isotherm (see Eq. 6) where q t is the amount of metal ion adsorbed at equilibrium (mg.g-1), K F Freundlich equilibrium constant and C t equilibrium metal concentration. Table I shows the experimental data obtained from the separation of cobalt from nickel ions onto modified clinoptilolites fitted well in Langmuir model with high correlation coefficient (R 2 ) and maximum adsorption capacity for cobalt 121.95 and nickel 47.39. modified clinoptilolites [14] .
K. Kinetic Studies
The kinetic study plays an important role because it gives important insight of the reaction mechanism:
 Pseudo first order model (see Eq. 7) ) (
where K a is the rate constant of pseudo first order model and kb is rate constant of the pseudo second order model (hr -1 ), q x is the amount of metal ion absorbed at time t (mg.g -1 ) and q t is the amount of metal absorbed at equilibrium (mg.g -1 ). Table II gives the values parameters of pseudo first and pseudo second order kinetic model. It was observed that the pseudo second order described well the kinetic model data with (R 2 ) correlation coefficient was 0.99 (Borandegi & Nezamzadeh-Ejhieh, 2015) . 
K d is equilibrium constant that can be used to determine the thermodynamic parameters (Hº) enthalpy, (Sº) entropy and (Gº) the change in free energy.
where K d is the distribution coefficient (mLg -1 ), R (8.314 Jmol -1 /K) universal gas constant and T is the temperature (ºK).
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where C a and C b are the initial ion concentration and final ion concentration of the solution, respectively and V and M are the volume of solution (mL) and amount of sorbent (g), respectively The results in Table III show that ΔG o become less negative with the increase of the temperature that indicate the process is less favorable at high temperatures. The negative ΔG o values at different temperatures indicated that the reaction was thermodynamically feasible and spontaneous process. The negative ΔH o value confirmed that the reaction is exothermic and the negative value of ΔS o indicate that after cobalt adsorption on the modified clinoptilolites total entropy of the system decreased degree of disorderliness at the solid/liquid interface during the adsorption [14] .
IV. CONCLUSION
This study indicates that the separation of cobalt and nickel using modified clinoptilolites with EDTA and succinic acid depends on cobalt initial concentration and some other parameters such as pH, mass of the adsorbent and temperature. Modified clinoptilolites can separate cobalt and nickel using ion exchange process. Particle size of the modified clinoptilolites showed also a significant role on the removal efficiency.
The characterization of clinoptilolites before and after modification was done using Scanning Electron Microscope (SEM), Fourier Transform Infrared spectroscopy (FTIR), X-ray fluorescence (XRF) and X-ray diffraction (XRD). The results showed that the separation of cobalt from nickel strongly depend on pH, initial concentration, mass of the adsorbent, particle sizes and temperature. High separation efficiency was obtained under following conditions pH 6, initial concentration 600 mg/L, mass of the adsorbent 10 g, particle sizes 1mm and temperature 25ºC. The equilibrium sorption isotherms were analyzed by the Langmuir and Freundlich. The results showed that Langmuir isotherm describes better the adsorption process. The pseudo-first and second order model were used in analyzing kinetic data, absorption kinetics obeyed the second Pseudo order model that indicate that the rate limiting step for the process involves chemical reaction. Thermodynamic parameters such as Gibb's free energy change (∆G o ), enthalpy change (∆H o ) and entropy change (∆S o ) were calculated and negative results revealed that the process was spontaneous and exothermic.
